Key indicators: single-crystal X-ray study; T = 100 K; mean (C-C) = 0.002 Å; disorder in main residue; R factor = 0.040; wR factor = 0.106; data-to-parameter ratio = 14.8. 
Related literature
For general background to and the applications of the title compound, see: Judge & Bever (2006) ; Schwid et al. (1997) ; Strupp et al. (2004) ; Onoda et al. (2001) ; Zhang et al. (2004) ; Pflugrath & Quiocho, (1985) ; Jacobson & Quiocho (1988) . For related structures, see: Quah et al. (2008a Quah et al. ( ,b, 2010 . For the stability of the temperature controller used in the data collection, see : Cosier & Glazer (1986) . For bond-length data, see: Allen et al. (1987) .
Experimental
Crystal data Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx þ 1; Ày þ 1; Àz þ 1; (ii) x; y; z þ 1; (iii) Àx þ 1; Ày; Àz þ 1; (iv) x; y þ 1; z; (v) x þ 1; y þ 1; z; (vi) x À 1; y; z; (vii) x À 1; y þ 1; z; (viii) x; y À 1; z þ 1.
D-HÁ
Data collection: APEX2 (Bruker, 2009 ); cell refinement: SAINT (Bruker, 2009 ); data reduction: SAINT; program(s) used to solve structure: SHELXTL (Sheldrick, 2008 ); program(s) used to refine structure: SHELXTL; molecular graphics: SHELXTL; software used to prepare material for publication: SHELXTL and PLATON (Spek, 2009 (Judge & Bever, 2006; Schwid et al., 1997; Strupp et al., 2004) . Hydrogen bonding patterns involving sulfate and sulfonate groups in biological systems and metal complexes are also of current interest (Onoda et al., 2001) . Benzoic acid and sulfuric acid form a stable hydrogen-bonded complex that favors aerosol formation in the atmosphere (Zhang et al., 2004) . In a sulfate-binding protein, the sulfate anion is mainly bonded by seven hydrogen bonds, five of which are from the main chain peptide NH groups (Pflugrath & Quiocho, 1985; Jacobson & Quiocho, 1988) . The present study is aimed at understanding the hydrogen bonding network in the title compound (I).
The asymmetric unit of (I) contains two 4-aminopyridinium cations (A and B), a sulfate anion and a water molecule (Fig   1) . The 4-aminopyridinium cation in molecule B is disordered over two positions with refined site-occupancies of 0.568 (4) and 0.432 (4). In the 4-aminopyridinium cations, the protonation of atoms N1 (molecule A), N1A (major component in molecule B) and N1B (minor component in molecule B) have lead to slight increase in C-N-C angles to 120.88 (13), 120.9 (4) and 119.7 (5)°, respectively. The non-H atoms of the 4-aminopyridinium cations are essentially co-planar, with a maximum deviation of 0.055 (1) Å for atom N2, 0.022 (3) Å for atom N2A and 0.009 (3) Å for atom N2B. The bond lengths (Allen et al., 1987) and angles are normal and comparable to the related structures (Quah et al., 2008a,b; 2010) . The pyridine ring (N1/C1-C5) in molecule A makes dihedral angles of 68.46 (19) and 70.1 (2)°, respectively, with N1A/C1A-C5A and N1B/C1B-C5B rings.
In the crystal packing ( Fig. 2) , oxygen atoms (O1, O2, O3 and O4) in sulfate anions link the 4-aminopyridinium cations and water molecules into three-dimensional network via intermolecular O-H···O, N-H···O and C-H···O hydrogen bonds (Table 1) . The crystal structure is further consolidated by N2A-H1NA···O1W and C1A-H1AA···O1W hydrogen bonds.
Experimental
Few drops of concentrated sulfuric acid were added to a hot methanol solution of 4-aminopyridine (47 mg, Aldrich). The solution was warmed over a water bath for 1 h. The resulting solution was allowed to cool slowly to room temperature. Colourless crystals appeared from the mother liquor after a few days. Yield 60%.
Refinement
Atoms H1NA, H2NA, H1NB, H2NB, H1AB and H1BA were located in a difference Fourier map and refined using a riding model with N-H = 0.7856 -0.8900 Å. The remaining O-and N-bound H atoms were located in a difference Fourier map and allowed to refine freely. The rest of the hydrogen atoms were positioned geometrically and refined using a riding model with C-H = 0.93 Å and U iso (H) = 1.2 U eq (C). One of the 4-aminopyridinium cations is disordered over two positions with supplementary materials sup-2 refined site-occupancies of 0.568 (4) and 0.432 (4). The same U ij parameters were used for atom pair C1A/C2A. The highest residual electron density peak is located at 0.72 Å from O1W and the deepest hole is located at 0.68 Å from O1W.
Figures Fig. 1 . The molecular structure of the title compound showing 50% probability displacement ellipsoids for non-H atoms and the atom-numbering scheme. Both disordered components are shown. 
Bis(4-aminopyridinium) sulfate monohydrate
Crystal data 
Special details
Experimental. The crystal was placed in the cold stream of an Oxford Cyrosystems Cobra open-flow nitrogen cryostat (Cosier & Glazer, 1986 ) operating at 100.0 (1) K. 
